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Abstract 
This study analyzes the impact of economic structure and intensity on the level of air pollution. This is done by the 
estimation of Structural Equation Model with two latent variables describing the economic structure and the intensity 
of economic activity , which influence air pollution. It is further assumed that there are causal link with these two 
factors, one of them is influenced by international trade intensity , per capita income and the level of trade 
liberalization, the other is influenced by urban percentage and industry. 
The estimation results suggest that the impact of economic growth on air pollution intensity varies in the structure 
and the intensity of economic activity. The estimation results show that the structure effect which is 0.85 is higher 
than intensity which is 0.05 on the level of air pollution. Model with the better fit to the data, indices of goodness-of-
fit are relatively satisfaction and meet the requirements. This results show that for many developing countries, 
urbanization and industrialization change economic structure-as a consequence-to increase air pollution. 
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1. Introduction 
The relationship between economic growth and environmental quality is the object of wide debate. At 
the very center of this discussion stands the concept of the Environmental Kuznets Curve (EKC). The 
EKC hypothesis is usually described by three effects: (a) the effect  of the scale of economic act ivity, (b) 
the effect of the changes in the structure of economic activity and (c) the effect of income on the demand 
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for pollution abatement efforts. The first effect  is a monotonically increas ing function of income: the 
larger the scale o f economic  activ ity the higher the level o f pollution, all else being equal.  The second 
effect reflects the changes in the composition of  the economic activity toward sectors of varying pollution  
intensity: a shift from agriculture to industry implies higher pollution while a shift from industry to 
services reverts this trend. The third effect is a monotonically decreasing function of income and it 
reflects the growing demand for environmental quality with higher income levels. 
The possible existence of an inverted U-shaped relationship between per capita income and pollution 
has attracted a great deal of attention in social science literature.  However, the environmental quality may 
also be affected by international trade. Copeland and Taylor (2004) pointed out three effects on the 
quality of the environment which  may arise from trade liberalizat ion: scale effect, structural effect and 
technique effect.  
The goal of this study is to decompose the effect of international trade on air pollution into the 
structural effect and intensity effect using Structural Equation Model (SEM). One of the advantages of 
SEM compared to mult iple regression models and simultaneous  equations models is the possibility of the 
estimation of the latent variables measured by mult iple indicators. Th is enables the estimation of the 
variables which are usually defined by more than one indicator, such as environmental quality. In the 
following analysis three latent variables are defined: economic structure, intensity of the economic 
activity and air pollution intensity. In addition, SEM allows combin ing many causal relat ionships into one 
model and for the estimation of the direct effects and indirect effects. 
 In this article, the following causal relationships are analyzed: the direct effects of economic growth 
on the changes in the structure of the economic activ ity  and the direct effects of trade intensity, which 
influence on air pollution intensity. In addit ion, the model assumes that pollution intensity may  be also 
affected by the following two variables: economic structure and trade intensity. 
The rest of this paper is organized  as follows. The next  section describes the data taken into account in 
the model analyzed. The model description and sample correlation matrix are presented in Section 3. 
Section 4 presents estimation results of the model. The model values of goodness-of-fit is presented in 
Section 5. Section 6 provides summary and conclusions. 
2. Data and latent variables description 
The first five variables described below are the indicators of two latent variab les (factors) reflecting 
changes in international trade intensity (EONOM) and the structure of the economic activ ity (STRUCT), 
The first three variables (TRADE, GDPPC and INTEN) correspond to the factor: ECONOM, the next two 
variables (URBAN, INDUST) to the factor: STRUCT. 
a) International trade intensity measured as the sum of export and import div ided by GDP, in current 
US dollars (TRADE). 
b) GDP, measured in current international dollars per capita (GDPPC). 
c) International trade intensity with developed countries  (UNCTAD classification) measured as the 
sum of export and import to/from developing counties divided by GDP, measured in current US dollars 
(INTEN). It is assumed that this variable measures the level of trade liberalization between developed and 
developing countries. 
d) Urban population as a percentage of total population (URBAN). 
e) The percent of total output of goods and services produced  by the industrial sector (INDUST). 
It is fu rther assumed that the latent variables, air pollution intensity (AIRPOL) are influenced by the 
following three variables: 
f) Carbon dioxide emissions (CO2PC) measured in kg per capita. 
g) Nitrogen oxides emissions (NOXPC) measured in kg per capita. 
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h) Sulphur dioxide emissions (SO2PC) measured in kg per capita. 
Three variab les TRADE, GDPPC and INTEN which describe international t rade intensity, per capita 
income and the level of trade liberalization, two variables URBAN and INDUST which describe the 
changes in the structure of economic activ ity are chosen to reflect a shift from agriculture to industry. 
Three gases CO2PC, NOXPC and SO2PC which reflect air pollution intensity are a  product, of the fossil 
fuel combustion and industrial processes. The gases are measured in per capita terms in  order to fix the 
scale of measurement of the emissions. 
Emission data were taken from the EDGAR 3.2 database 2005. Data on international trade was taken 
from UNCTAD Statistics Database. Other data was taken from the World Resources Institute. A sample 
of 80 countries was selected, in the 2005, as low and low middle income countries . 
3.  Model description and sample correlation matrix 
The model analyzed in the following sections is described by two equations: the structural equation  
and the measurement equations. The structural equation model specifies causal relat ionships among the 
latent variables analyzed. The measurement model specifies how latent variables are described by the 
observed variables. Observed variables correlation matrices are presented in Tables 1. 
Table1: Sample Correlation matrix 
 SO2PC INDUST NOXPC URBAN INTEN CO2PC TRADE GDPPC 
SO2PC 1.000        
INDUST .899 1.000       
NOXPC .674 .471 1.000      
URBAN .826 .697 .588 1.000     
INTEN .579 .659 .425 .674 1.000    
CO2PC .619 .800 .249 .342 .395 1.000   
TRADE .539 .392 .580 .640 .486 .184 1.000  
GDPPC .455 .443 .400 .568 .726 .075 .491 1.000 
4. Estimation results of the model 
This section presents the estimation results of model. The model was estimated using AMOS7.0 
software. The coefficients were  estimated by the un-weighted least squares method (ULS), standardized 
estimation results in Fig 1, the goodness of fit statistics in Tables 2. 
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Fig.1.Model standardized estimation results path diagram 
For measurement relations presented in Fig 1, there is an error term attached to each observed variable. 
This error term is interpreted as  a measurement error or an observational error. These errors are 
significant for almost every indicator. 
Standardized structural coefficient estimates are based on standardized data, including correlation 
matrixes. Standardized estimates are used, for instance, when comparing direct effects between latent 
variables. In AMOS, the standardized structural coefficients are labeled “standardized regression 
weights”.  
According to structural model relat ions analyzed, air pollution intensity may  also be affected by the 
level of the ECONOM and STRUCT, coefficients 0.05 and 0.85 reflect the effect of latent variable 
ECONOM and the effect of latent variable STRUC on air pollution intensity  respectively. The estimation 
results show that the STRUCT effect  which is 0.85 is higher than ECONOM which is 0.05. The 
correlation between the STRUCT and the level ECONOM is 0.94, which suggests that economic 
structure and economic activit ies closely. In addition, the variable STRUCT has significant and positive 
effect on the level of air pollut ion. These results suggest the structure of economic  activ ity has a 
significant effect on the level of air pollution.  
The measurement model of the indicators describing air pollution intensity is rather high. The value of 
SO2PC for this indicator 0.98 is the highest, the value of NOXPC for this indicator 0.71 is middle and the 
value of CO2PC for this indicator 0.43 is low. This may be the result of the differences  in the emission    
aggregation, NOXPC emissions may include more emissions from savannah fires.  
The measurement model of the indicators describing the significant and positive effects of TRADE,  
GDPPC and INTEN on changes in the ECONOM of economic activity. It also show the significant and 
positive effects of urbanization URBAN and industrialization INDUST on changes in economic structure.  
These results suggest that in the developing countries analyzed both urbanization URBAN and 
industrialization INDUST lead to changes in the structure of economic activity and - as a consequence – 
to increase in air pollution. This suggests that, in the developing countries, more open economies 
experience faster structural change which, on the first stage of growth, leads to higher pollution. 
5. Goodness of fit index 
Table 2˖Model goodness of fit summary 
Model NPAR CMIN RMR GFI AGFI PGFI NFI Delta1 
RFI 
rho1 PRATIO PNFI 
Default model 18 .545 .016 .964 .968 .499 .956 .953 .643 .640 
Saturated model 36 .000 .000 1.000   1.000  .000 .000 
Independence model 8 128.042 .241 .734 .658 .571 .000 .000 1.000 .000 
Table 2 presents the results of the model fit statistics, goodness of fit index (GFI) and adjusted 
goodness of fit index (AGFI), takes into account the degrees of freedom available for testing the model. 
GFI and AGFI is less than or equal to 1, a  value of 1 indicates a perfect fit. By convention (Bollen and 
Long 1993), GFI should by equal to or greater than 0.90 to accept the model and AGFI should also be at 
least 0.90, from Table 2 GFI=0.964 and AGFI=0.968, this suggests the model with the better fit to the 
data. 
Root mean square residual RMR is the mean absolute value of the covariance residuals. Its lower 
bound is zero but there is no upper bound, which depends on the scale of the measured variables. The 
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closer RMR is to 0, the better the model fit . One sees in  the literature  (Kaplan 2000) such rules of thumb 
as that RMR should be<0.08, for a well-fitting model. From Table 2 RMR=0.016, this shows the model 
with the best fit to the data. 
Normal fit index (NFI) and relat ive fit index RFI values close to 1 indicate a very good fit. By    
convention (Kaplan  2000), NFI values above 0.95 are good. From Table 2 NFI=0.956 and RFI=0.953, 
them show the model acceptable. 
6. Conclusions 
This paper adds some empirical evidence to the debate on  the relations between international trade, 
economic growth and environmental quality. Using the Structural Equation Model, the effect of 
international trade on air po llution intensity is decomposed into the structural effect and intensity effect. 
The first effect describes changes in the overall scale of economic activity: the larger the scale of  
economic activity, the higher the level of pollution, all else equal. The second effect reflects the increase 
of the production in sectors in which  the countries enjoy a comparative advantage which may  result in 
changes in the structure of economic activity.  
The estimation results of the model suggest that these direct effects are positive and significant. In 
other words, both higher per capita income and higher international trade intensity  lead to changes in the 
intensity of economic activ ity and – as a consequence – to changes in the level of air pollution. The 
significance of these structural effects suggests that, the relationship between income level and 
environmental quality may be affected by international trade. In part icular, more open economies 
experience faster structural change which, on the first stage of growth, leads to  higher pollution. 
 The model goodness-of-fit result is relatively satisfaction, indices of goodness-of-fit meet the 
requirements, the results show that for many developing countries, urbanization and industrialization 
change economic structure, thus a significant impact of atmospheric pollution.  
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